Objective: To evaluate by echocardiography the cardiac structure and function in patients with primary adrenocortical insufficiency. Design and Methods: Two-dimensionally guided M-mode echocardiograms and spectral Doppler studies were performed in seven consecutive patients with newly diagnosed autoimmune primary adrenal failure before and 4-8 months after an adequate regimen of steroid substitution. Echocardiographic parameters were also studied in ten healthy controls. Results: In the cases with untreated Addison's disease, both left ventricular end-systolic and enddiastolic dimensions were significantly reduced in comparison with those in controls (P < 0.01). Four patients had echocardiographic signs of mitral valve prolapse (MVP) at the anterior leaflet, with no evidence of mitral regurgitation by Doppler echocardiography. Systolic clicks characteristic of MVP were present on auscultation in two of these cases. Left ventricular chamber size normalized, i.e. significantly increased (P < 0.01), and both echocardiographic and physical signs of MVP resolved after steroid substitution in all patients. All other echocardiographic indices were normal before and after treatment. Conclusions: Patients with untreated Addison's disease have cardiac abnormalities which regress after steroid substitution. A valvular-ventricular disproportion due to the hypovolemic state could explain these findings.
Introduction
Glucocorticoids and mineralocorticoids play an important role in the regulation of systemic hemodynamics in man (1) . Cortisol acts either directly or indirectly, by potentiation of vasoactive factors, on peripheral vessels and heart tissue (2) . Aldosterone, in addition to having its volume-related modulatory effect on blood pressure, has been recently indicated as a direct regulator of cardiac extracellular matrix and collagen deposition (3) . An excess of these hormones is associated with considerable cardiac abnormalities, mainly including myocardial hypertrophy and dysfunction (4, 5) , whereas little is known when production of adrenal steroids is impaired. The purpose of this study was to evaluate by echocardiography the cardiac structure and function in patients with primary adrenal insufficiency, before and during steroid replacement therapy.
Materials and methods
Seven consecutive patients (mean age 29.7 Ϯ 1.3 years, six females and one male), with newly diagnosed autoimmune primary adrenal insufficiency, were prospectively evaluated by echocardiography before and 4-8 months after an adequate regimen of steroid replacement therapy. The diagnosis rested on typical clinical manifestations and laboratory data: high serum potassium values, low levels of plasma cortisol uninfluenced by the administration of adrenocorticotropin (ACTH) (1-24) (250 mg; Synacthen; Ciba, Basel, Switzerland) as an i.v. bolus, elevated levels of endogenous ACTH, and low plasma aldosterone levels in the face of high plasma renin activity (PRA). Duration of disease (mean 3.6 Ϯ 1, range 2-8 months) was obtained from careful investigation of the patient's history, including early symptoms. Maintenance treatment consisted of orally administered cortisone acetate (37.5-50 mg/day; 25 mg at 0830 h and 12.5-25 mg at 1830 h), and 9a-fluorohydrocortisone (0.05-0.1 mg/ day at 0830 h). Adequacy of treatment was judged on clinical well-being, normal serum electrolytes, and PRA in the normal range (6) . ACTH levels were also evaluated. No patients had symptoms attributable to mitral prolapse or a history of endocarditis or anorexia nervosa. None had symptoms of Marfan's syndrome, chest wall deformities, thickened redundant mitral leaflets by echocardiography, or had family members known to have mitral prolapse. A group of ten sex-, ageand body mass index (BMI)-matched control subjects, free of any evidence of adrenal and cardiac disease, was also studied (control).
Two-dimensionally derived M-mode echocardiograms and spectral Doppler echocardiographic studies were performed with a Hewlett-Packard model 500 system (Palo Alto, CA, USA) with a 2.5 and/or 3.5 MHz phased array transducers echocardiographic machine. Subjects were examined in the morning in a quiet room in the left lateral decubitus position. All studies were recorded on videotape and stored for later review by two echocardiographers (S B and M L) who were blinded regarding the subject's name, date on which the study was performed, and possible treatment. According to the American Society of Echocardiography recommendations using leading edge methodology (7), the following echocardiographic measurements were determined: left atrial dimension measured at end-ventricular systole; left ventricular end-systolic dimension (LVDS); left ventricular end-diastolic dimension (LVDD); interventricular septal thickness; left ventricular posterior wall thickness; fractional shortening of the left ventricle determined as the percentage difference between systolic and diastolic internal diameter. Left ventricular mass was indexed for body surface area. Intra-observer variability was determined using a set of M-mode registrations of the left ventricle in 20 normal subjects, each examined three times. Measurements were obtained for at least three consecutive cardiac cycles and results were averaged. In our laboratory, coefficients of variation were within 8% for all parameters. For the analysis of mitral valve motion, mitral valve was imaged from parasternal long axis, parasternal short axis and apical four chambers. In accordance with the definition of Devereux et al. (8) , mitral valve prolapse (MVP) was diagnosed if: (1) superior billowing of either leaflet (beyond the valve ring) across the plane of the mitral anulus was seen on parasternal long-axis view of the two-dimensional examination, (2) mitral regurgitation was documented by Doppler echocardiography or (3) more than 2 mm displacement of either mitral leaflet posterior to the line connecting the valve's closure and opening points was seen on M-mode echocardiography. If none of the three criteria was present, mitral valve was described as normal. Auscultatory findings characteristic of MVP included an apical mid to late systolic murmur or apical mid to late systolic clicks. Timeinterval for echocardiographic control after replacement therapy corresponded to that required to obtain the clinical and biochemical balance of patients.
Plasma concentrations of ACTH (normal values: 4-22 pmol/l), PRA (normal values: 1-4.5 ng/ml per 3h), aldosterone (normal values: 80-500 pmol/l), and cortisol (normal values: 138-580 nmol/l) were measured using commercially available RIA kits, as previously reported in detail (9) . In all treated patients the samples for hormone blood measurements were obtained 3 h after the morning steroid dose. Student's t-test for paired or unpaired samples, and x 2 test corrected with the continuity, as appropriate, were used. Results are expressed as mean Ϯ S.E.M. P < 0.05 was considered to indicate a statistically significant difference.
The study was approved by the local research Ethics Committee and fully explained to all subjects who gave informed written consent.
Results
Patients with untreated Addison's disease had in baseline conditions of hyperkalemia (5.5 Ϯ 0.1 mmol/ l) and hyponatremia (129.4 Ϯ 2.1 mmol/l), low levels of plasma cortisol unchanged after exogenous ACTH administration (59.3 Ϯ 9.2 to 54.4 Ϯ 14.1 nmol/l), low plasma aldosterone (64.2 Ϯ 11.1 pmol/l), high endogenous ACTH (126.2 Ϯ 32.6 pmol/l) and PRA (58.6 Ϯ 9.4 ng/ml per 3h). At the time of cardiac study after replacement therapy, serum potassium (4.3 Ϯ 0.1 mmol/l), serum sodium (140.4 Ϯ 0.8 mmol/l), ACTH (18.4 Ϯ 2.5 pmol/l) and PRA (3.5 Ϯ 0.2 ng/ml per 3h) were all normal; no change in BMI was observed (from 22.9 Ϯ 1.8 to 23.4 Ϯ 2.1 kg/m 2 , not significant). Hemodynamic and echocardiographic parameters of Addisonian patients and normal controls are summarized in Table 1 . Blood pressure showed a significant increase (P < 0.01) after replacement therapy. Untreated Addisonian patients had both LVDS and LVDD significantly smaller than those of controls (P < 0.01), and at the lower limits of normality range inferred from international studies (10) . In four patients echocardiographic signs of MVP were also observed. No evidence of mitral regurgitation documented by Doppler echocardiography was observed. Systolic clicks characteristic of MVP were present on auscultation in two of these cases. Left ventricular chamber dimension normalized, i.e. significantly increased (P < 0.01), and both echocardiographic and physical signs of MVP resolved after steroid substitution in all patients. All other echocardiographic indices were normal before and after replacement therapy.
Discussion
Prominent cardiovascular features in chronic adrenal insufficiency are historically known as low cardiac output and decreased vascular tone associated with hyponatremia and relative hypovolemia (11) . In addition to low blood pressure, a loss of circadian rhythm of blood pressure has also been recently described (12) . To our knowledge, scanty data derived from direct measurements of cardiac function are available in the literature. Short-time withdrawal of glucocorticoid replacement, maintaining mineralocorticoid therapy, has been shown to induce in patients with primary adrenocortical insufficiency an impairment of diastolic left ventricular function (13) . This has been attributed to loss of b 2 -adrenoceptor-permissive effect of glucocorticoids in the heart due to b 2 -adrenoceptor density reduction, as shown in lymphocytes (13) . A myocardial systolic dysfunction, assessed by echocardiography, has been described in patients with panhypopituitarism (14) , but it has not been confirmed in other studies (15) .
No clinical signs as well as echocardiographic features, i.e. abnormal fractional shortening, consistent with a decreased cardiac systolic contractility have been observed in our untreated Addisonian patients. A highoutput circulatory failure in acute adrenal insufficiency has been documented (16) . At variance with these data, our findings may be in accordance with the slow onset of the disease, as derived from the medical history of our subjects, allowing hemodynamic compensation. Untreated Addison's disease is associated with cardiac changes characterized at echocardiography by small left ventricular chamber size and often MVP at the anterior leaflet. These findings appear to be similar to those described in other pathological conditions, such as Marfan syndrome, ostium secundum atrial septal defect and anorexia nervosa (8) , where a disproportion between the mitral valve and left ventricular chamber has been indicated as the cause of cardiac alteration. Indeed, Lax et al. (17) have shown that short-terminduced mild dehydration in healthy females is able to induce echocardiographic signs of reduced ventricular volume and MVP, and that these changes resolve with rehydration. Our results indicate that untreated Addison's disease may represent another clinical condition in which reduction of left ventricular volume, due to systemic electrolyte and free water loss, may lead to MVP. This concept of volume-induced valvular-ventricular disproportion is further supported in our patients by complete regression of abnormal echocardiographic and physical features after normalization of sodiumvolume balance with adequate steroid replacement therapy, as reflected by normal biochemical and hormonal indices. Mitral regurgitation was not documented by Doppler echocardiography in any of the treated patients, suggesting that regurgitation was hemodynamically insignificant. According to the notion that left ventricular size is an important factor in determining MVP, our study suggests that echocardiography could be useful also in the short-term assessment of the effects of rehydration on heart function of patients with newly diagnosed Addison's disease. A high prevalence of cardiac failure in Addison's disease after long-term treatment, attributed to older age and/or pre-existing cardiac disease, has been found, but no details on mitral valve function were given (18) . Usefulness of echocardiographic assessment in these patients remains to be defined.
